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Abstract 

Color-octet mechanism for the decay B —> rfX is proposed to explain the large 
branching ratio of Br(B —> rj'X) ~ 1 x 10~ 3 recently announced by CLEO. 
We argue that the inclusive rf production in B decays may dominantly come 
from the Cabbibo favored b —> (cc)gS process where cc pair is in a color-octet 
configuration, and followed by the nonperturbative transition (cc)g —> rfX. 
The color-octet intrinsic charm component in the higher Fock states of rf is 
crucial and is induced by the strong coupling of rf to gluons via QCD axial 
anomaly. 
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Recently CLEO has reported [|l| a very large branching ratio for the inclusive production 
of 77 / in the B meson decay: 

Br(B -> 7 /A; 2.2 GeV < E r] , < 2.7 GeV) = (7.5 ± 1.5 ± 1.1) x 1(T 4 . (1) 

If 7/ is regarded as a pure £77(3) singlet meson made of u, d and s quarks, the process 
B — > t]' + A" is Cabbibo suppressed by the factor V u b . The conventional estimate of the 
branching ratio for this Cabbibo suppressed process is of order of 10 ~ 6 [2], which is over 2 
order of magnitude smaller than the experimental result. To explain the large branching 
ratio of Br(B —> 7/ + A"), some suggestions have been made ii- The authors of || give 
arguments for the need of new physics to enhance the b —> sg* decays followed by g* — »■ g'g. 
The latter step, g* —> g'g is controlled by the effective 7 ]'—g—g coupling via the QCD anomaly 
Q. The authors of 0 suggest that it is the very strong coupling between r]' and the color- 
singlet axial vector current of the charm quark that makes the dominant contribution to the 
large r]' production rate in the Cabbibo favored process b —> ccs. 

In this note, we will discuss another possibility. Utilizing the unique feature of 77 ', i.e., 
its strong coupling to gluons through QCD axial anomaly, and the large coefficient for the 
color-octet cc current in the b —> ccs process. We will argue that the production of 77 ' in B 
decays may dominantly come from the Cabbibo favored b —> (cc)ss process where cc pair is 
in a color-octet configuration followed by the color-octet cc pair nonperturbatively evolving 
into 77 ' via ( cc)s —> 77 ' + A" due to the color-octet hidden charm component in the higher Fock 
states of 77 '. The essential point of our argument is that due to the strong coupling of gluons 
to the 77 ' there should be an appreciable color-octet ( cc)s component mixed into the higher 
Fock states of 77 '. 

Before discussing this possibility, let us first recall the suggestion of where a large 
magnitude of the color-singlet “intrinsic charm” of 77' is of critical importance. In our opinion, 
however, there could be two problems in this approach: ( 1 ) the mixed decay constant 
suggested in [|| may be too large; ( 2 ) the color-singlet matrix element |(? 7 c|c 7 A( 75 c| 0 )| used 
in 0 may also be too large. 

To see these, we write the axial anomaly relation for the charm quark 

Q/ ^ 

<9 m (c 7 m 75 c ) = 2iM c cry 5 c + (2) 

47T 

and define 
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(0\n^5c\v'(p)) = ifftpu- 


( 3 ) 


If the charm quark is infinitely heavy, the mixed decay constant should vanish. In 
the physical world, as argued in ||, the nonvanishing f!ff is due to the existence of the cc 
component in the physical r\ wave function, and then 

(4) 

where \ v ' Vc is the mixing angle (in radian) between rf and r) c , and f Vc the decay constant of 
? 7 C . Based on the axial anomaly and the gluonic matrix element of if, the mixing angle A 7 ^ 
has been estimated to be || 

X v ' Vc ~ 1.2 x 10 " 2 . (5) 

It reproduces the experimental value of Y{J/f> —> 777 ') via r(J/-0 —> 777 c) and rf — rj c mixing, 
and is also consistent with most quark model calculations (see, e.g., ||). With f Vc & 400 MeV 
@, we find 

f? « U ~ u> ~ 130Mel/ [7], ( 6 ) 

where f,y is the flavor S'f/(3)-singlet decay constant of the rf . Including the mixing of rf 
with other cc states like rf c , iff, ■ ■ •, will enhance As a safe estimate, we would expect 

A 7 _(c-c) ~ (2 - 10 )%, (7) 

and then f!f, A 40MeH, where \’-(cc) is the total mixed amplitude of the cc component in 
77 '. I 11 any case, we think that = 140MeH, as suggested in p|, is too large. Also, even 
with fjff = 40MeH, we still have flff <C f 7 y, and therefore in our estimate 0 the relation 

ry ~ 

2iM c (0\c-f 5 c\if) « --^(0) G^G^lrf) ( 8 ) 

47T 

should be a fairly good and self-consistent approximation. 

The second problem in || is the overestimate of the color-singlet matrix element 
|(0|c7 M 7 5 c|77 c )|, which is related to |(01cq^qscl^7/- 7 / 7 )j. The latter is determined in @ by ex¬ 
hausting the experimental value of T(H —> J/ip + X). However, it is well known that at the 
lowest order the color-singlet part of b —> ccs process only contributes one third of the decay 
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width Y(B —> J/ip + X) measured by CLEO The situation dose not get better even if 
the next-to-leading order (NLO) corrections in a s are included in the nonleptonic effective 
weak Hamiltonian for B decays [T(J. If the NLO results are used, even with the large value 
of = 140MeK, the estimated results of r / production in B decays in [Q] will become 

Br(b -> (cc)i + X; (cc)i -> 7 /) = 0.12 • 0.6 • 0.9 x 10“ 3 = 0.065 x 10“ 3 , (9) 

which is much smaller than the experimental result Eq. (Ij). 

Because of the two problems mentioned above, the color-singlet intrinsic charm mecha¬ 
nism suggested in [3| may encounter difficulties in explaining the large rf production rate in 
B decays. We therefore consider another approach, be., the color-octet intrinsic charm of the 
rj'. Our suggestion is motivated by two physical aspects: (1) the color-octet production for 
charmonium in b —> ccs process; (2) the appreciable color-octet intrinsic charm component 
in the higher Fock states of 7 /. 

We now come to the production of color-octet components. It is known that based on 
the NRQCD factorisation formalism [[id]] the theoretical investigations @Jl^] show that the 
color-octet contributions might account for the main part of J/ip production in B decays. 
Encouraged by the success of the color-octet mechanism in the explanation of J/ip produc¬ 
tion in B decays, we conjecture that the color-octet contribution may also explain the large 
branching ratio of 7 / production in B decays. To see the importance of the color-octet com¬ 
ponent in the Cabbibo favored process b —> ccs, we write explicitly the effective Hamiltonian 
of nonleptonic B decays ||, 

Heff = -^V cb V cs { --- cry^l - ysjcsy^l - 75 )b 

+(CV + C_)c 7m ( 1 - i,)T a csY{l - 7 5 )T a b), (10) 

where Gf is the Fermi constant and Vi /s are KM matrix elements. The coefficiets C + and 
C- are Wilson coefficients at the scale of ji = M b . To leading order of a s (M b ) and to all 
orders of a s (M b )ln(Mw/Mi J ), they are 

C + {M b ) « [a s (M b )/a s (M w )}~ 6 / 23 , (11) 

C-(M b ) « [a s (M b )/a s (M w )] 12 / 23 . (12) 

In this effective Hamiltonian Eq. ©. the first term is the color-singlet term, while the second 
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term is the color-octet term. Numericaly, taking a s (Mw ) = 0.116 and a s (Mb) = 0.20, the 
coefficients in front of the two terms are then 



2C+ - C. 
3 

C + + C_ 


= 0.13, 

2 . 2 . 


(13) 

(14) 


The coefficient of the color-octet term is over 16 times larger than that of the color-singlet 
term. So the color-octet contributions to the decay width of B meson in the b —> ccs process 
will have a factor of ~ 280 (squared the ratio of C%/C{) enhancement compared to the color- 
singlet contributions. This color-octet b —» ccs process may provide an explaination for the 
n c and B s ,i, problems in B decays |L3] . 

For rf production, by including the intermediate (cc)s contributions in the process b —> 
ccs —> r/' + X, one might explain the large branching ratio. The color-octet contributions 
come from the following process 


b —> (cc)[ 3 S'J N) ]s; and nonperturbatively (cc)[ 3 S , } 8 ' ) ] —> rf + X. 


^r3c( 8 )i 


(15) 


Here, the intermediate cc pair is in a color-octet 3 S i conhguration, which comes from the 
hidden charm component in the higher Fock states of if. To realize the (cc)s transition into 
r/, one must introduce the hidden charm component in the Fock states of r(. We write the 
Fock state expansion as 

W) = ^nnl(fm)i) + ^nng\(nn) 8 g) + ^cc S |(cc) ] ]g) H-F ^ccl(cc)i) H-, (16) 

where \{nn)i) = |(uu + dd + ss) i) is the color-singlet and SU( 3) flavor-singlet state, which 

is the leading part of the ?/ wave function (for convenience we neglect the rj — r)' mixing). The 
mixing of charm in rf can be understood by the transitions (cc)i —>■ two gluons —> (fin) i and 
(cc)g — > one gluon —> (fin)s, as shown in Fig.l (a) and (b) respectively. A naive counting 
rule for the quark-gluon vertex might indicate 


\*ccg\ > I'M, (17) 

because the former has fewer vertex and then is less OZI suppressed than the latter. If 
this naive argument makes sense, the rj will have more color-octet cc component than color- 
singlet cc component. Then, because the short distance coefficient (Wilson coefficient) of the 
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color-octet contributions is over 16 times larger than that of the color-singlet contributions, 
the former may dominate over the latter in the process b —*• cc with cc —> rj'X. 

We follow the calculations of J/ij) production in B decays |fs|.p~2f to estimate the production 
rate of 7 / in B decays via cc transitions. The color-singlet contribution has been estimated 
before in Eq. (0. For the color-octet contribution, the calculation is simple, and the result is 


r {B (cc)[ 3 ^ 8) ] +x 


(Q$( 3 Si[cc\))PS{rf) 

} (Oii^lccl)) PS(i/>) 1 

(^'( 3 5i[cc])) 


(cc)[ 3 pj 8) ]+* 


2M C 2 


(C + + C .)\l + ^)fo, 


where 


fo = \v ct \ 2 ( 


. 15 ) (1 _ ^ 


1447T y 


Ml 


Ml 


J/-0 + X) 
(18) 

(19) 


Here, PS(rj') and PS(ijj) are the phase space factors of processes b —»■ rf+X and b —> J/'iJj+X 
respectively. In Eq.(|l^), the notation ( O g ( 3 S'i[cc])) is the long distance nonperturbative ma¬ 
trix element which represents the probability of the (cc)[ 3 Sj 8 ^] evolving into ?/. To account for 
the experimental measurement Br(B —> rj'X) « 1 x ICE 3 , the matrix element (Og ( 3 S'i[cc])) 
must be taken as 6.4 x 10~ 3 Gef/ 3 , which is three times smaller than the color-octet matrix 
element (Og ( 3 S'i[cc])) used in [|1^ . 


For the J/-0, the Fock state expansion p~T 


I Jfi!> > = 0(l)|cc( 3 5’i,D) + 0(v)\cc( 3 Pj>,8)g) 
+ 0(u 2 )|cc( 3 S'i, 8 or 1 )gg) H-. 


indicate the 3 Si color-octet cc component in the higher Fock states of J/ip is of order 0(v 2 )~ 
O(10 _1 ), where v is the charm quark velocity in the charmonium. On the other hand, 3 S i 
color-octet cc component in the higher Fock states of r/ should be of order (see (17)) 

0^>- ccg ) > 0(T C - C ) = (2 - 10) x 10~ 2 , (20) 

as indicated by \ r /-(c.c) = (2 — 10) x 10~ 2 in Eq.(7). This may imply that due to QCD axial 
anomaly the r/ strongly couples to gluons and then mixes substantially with \(cc)gg) and 
|(cc)i) Fock states via intermediate gluons. Therefore, the color-octet cc matrix element for 
the ?/ is not much smaller than the color-octet cc matrix element for the J/-0. This means 
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that the obtained value for (O'f ( 3 5'i[cc])) by fitting the rf data can be understood on the 
basis of QCD anomaly. 

To conclude, in order to explain the large production rate of rf in B decays within the 
Standard Model, the proposed color-singlet intrinsic charm mechanism may encounter diffi¬ 
culties. Therefore, we argue that the inclusive rf production in B decays may dominantly 
come from the Cabbibo favored b —> ( cc)gs process where cc pair is in a color-octet con¬ 
figuration, and followed by the nonperturbative transition (cc)s —> rfX. The color-octet 
intrinsic charm component in the higher Fock states of rf is crucial and is induced by the 
strong coupling of rf to gluons via QCD axial anomaly. Further investigations will be made 
to examine this mechanism. 
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Figure Captions 


Fig.l. Hidden charm mixing in rj' for the color-singlet cc pair (a) and for the color-octet cc 
pair plus a gluon ( b ). 




(b) 


Fig.l Hidden charm mixing in if for the color-singlet cc pair (a) and for 
the color-octet cc pair plus a gluon ( b ). 
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